PYTHAGORAS

Pythagoras and the Pythagoreans:  (about 582 BCE – 507 BCE)  In So. Italy at Croton (a Greek city.)

1. The Pythagoreans are usually referred to as a group of individuals rather than as particular individuals for various reasons:

a) Pythagoras himself never wrote anything and there has been a lot of inaccuracy in what has been attributed to him. 

b) For the Pythagoreans, after his death Pythagoras had lost his human qualities in their eyes, and was venerated as a divinity.

c) The Pythagorean School founded in Italy was concerned with the realization of a certain kind of life-style, and scientific inquiry was more of a means toward this than a goal itself.

· They were a brotherhood or a sect: a kind of religious order that had precise rules for living together.

· Science as a means to the goals of the society was considered “common property” and so this contributed to the anonymity of individual contributions.  [commonwealth of science]

d) The School’s doctrine was a secret among initiates, which hindered its spread.

e) Philolaus, who lived during Socrates’ time, was the first Pythagorean to publish a work.

· This means that the doctrine had already evolved to some extent, but we do not know how much.

· We tend to not know the differences between the first Pythagoreans and the later ones.

· These are some reasons why the whole group is taken together.

f) Aristotle also treated them as a group rather than as individuals.

2. The principles we have so far seen as apeiron, water, air, fire, because of a marked change of perspective, were seen as number by the Pythagoreans.

· That is, Number and the constitutive elements of number are the fundamental principle of all reality.

· Number is everything.

· This is a radical change from the Ionians we have studied so far.

Aristotle said:

The so-called Pythagoreans, who were the first to take up mathematics, not only advanced this study, but also having been brought up in it, they thought that its principles were the principles of all things.

 And since of these principles numbers are by nature the first, and in numbers they seemed to see many resemblances to the things that exist and come into being—more than in fire and earth and water, since again, they saw that the modifications and the ratios of the musical scales were expressible in numbers—since, then, all other things seemed in their whole nature modeled on numbers, and numbers seemed to be the first things in the whole of nature, they supposed the elements of numbers to be the element of all things, and the whole heaven to be a musical scale and an number. 

A. For Example:

· Music, which they practiced for purification, was numeric.  The scales are determined by number and ratios: Harmonics, string length, wind instruments, etc. all had to do with number as ratios.

· They discovered the harmonic ratio of the octave, fifths, fourths in music, and the “mathematical laws” that govern them.

· The phenomena of the cosmos also revealed a governance by number such that the seasons, year, days, etc. were all numeric.

3. Number did not merely “represent” reality as a measure of an object, which is how we would tend to think of it today, it was the principle and constitutive element in all things / reality.
· We tend to split our thinking about reality into “form” and “matter.”  Since Aristotle, we tend to want to make number a mental thing while the substance or elements of the other Pre-Socratics we view as a material or objective thing.
· For us the form is the shape that the real stuff of things happens to take on.  The matter is the substance and stuff of reality.

· This was a development that became firmly rooted after Aristotle, as we will see later.

· Modern science tells us that even the matter of this podium is really the substance as atoms and molecules in motion.

· It is an extreme stretch for us to begin to think of number the way the Pythagoreans did.  

· Number was really in reality.  It was venerated as the cause / source of all order and all determination and as a divine power dominating the world.

How can we begin to grasp this way of thinking ourselves?

4. The one Pre-Socratic philosopher we studied who did not say that the principle of all things was some kind of element was Anaximander.

· Heraclitus used the image of fire because it seemed to indicate what the process of the Logos was like (Unity in change as Logos)

· Heraclitus therefore used the imagery of fire, but called the Unity the logos, so he is between elemental and mental or both elemental and mental.

· Note then that the Pythagoreans also talked of a principle that would not be associated by us moderns with some kind of substance or element.  

· If we can understand Anaximander’s thought that the principle was the Apeiron or the unlimited, also called formlessness, we can begin to understand Pythagoras.

· We have come to be able to grasp this as principle of reality, and it is not a big step to get to number.

5. It is, according to Aristotle; not just number but also the elements of number in general that are the principles of all things.

· What are these principles of number?

· Instead of just the Apeiron of Anaximander (unlimited) the Pythagoreans held that the principles of number were the limited and the unlimited.

· Here we can imagine that Number itself is the whole of reality and that there is a certain tension within number that we can compare to the tension of opposites we saw in Anaximander (Justice/ Injustice, moist/dry, hot/cold, etc.)

· This tension is the constituents of number as limited and unlimited which are seen in number as the odd and the even. 

6. Clue:  We are going to see that it is the Unlimited and the Limited that are the elements of number, but how?

[Philolaus]

Numbers are two special kinds, the odd and the even: a third results from a mixture of these two, it is the odd-even.  There are many forms of odd and even numbers and each thing displays them intrinsically.

a) We can divide numbers (Whole numbers) into two kinds: Even and odd.

b) Numbers are seen as odd or even or in some sense “participating” in the essence of odd or even or both the odd and the even.

· Example:  evenly even, evenly odd, and oddly even numbers:

Evenly Even: Numbers can be evenly even: Combining three conditions

1 It is created by two even numbers multiplied by each other  [2 * 2 = 4]

2 All parts must be even, down to the final unit

3 None of its parts is homonymous to the odd number.  {none of its parts participate in the odd or oddness in any sense}

· We would recognize these numbers today as the binary numbers – the powers of two.  [32,64,128,256,512,1024,2048, etc.]

· Ex.  32 

1 It is the product of 2 even numbers, 4 and 8

2 All its parts are even (half is 16, quarter is 8, eighth is 4)

3 In other words, it is a power of two.  Evenly even numbers are a power of two.

· Pythagoreans would see evenly even numbers as only participating in the essence of evenness.

· The are even in every sense.

Evenly Odd numbers:

1 Measured by the number “2,” and by any odd number.

2 Have odd halves when divided in equal parts.

· Example:  

2 * 7 = 14 is measured by and odd number and the number “2.”

If 14 is halved, we get the odd number “7” obviously.

· Here is meant that the evenly odd number participates in both essences “odd” and “even” but it participates more in the essence of “even” than odd, yet less so than the evenly even numbers.

· More examples:  2 = 1 * 2; 6 = 2 * 3; 10 = 2 * 5; etc.  ( one is odd here)

Oddly Even numbers:

1 Result from multiplication of any two numbers, one odd and one even.

2 Divisible by the number “2” into two even parts  but,

3 If a larger divisor is used, the result is sometimes odd and sometimes even.

· Example:

12=3 * 4  (multiplication of an odd and an even number);  12/2 = 6 + 6 (two even parts); 12/4=3 and 12/3=4 (sometimes odd and even)

· The oddly even number then participates more in the odd than the even as compared to the evenly odd or evenly even numbers, which last ones participate purely in the even.

The odd and the even are the manifestation in number of the limited and the unlimited: Why?

Pythagoreans saw numbers as represented by units.  All number was thought to be built by addition and subtraction of the Unit (One).

They comprehended number as laid out in shapes of units: Like dominos for example,










 

Already we start to see how they saw shape to number.

The “L-shaped” lines surrounding the dots here are called “gnomons.”

Here the unit limits the progression so that we cannot divide infinitely into halves as we can with the right figure, where there is not limit.

Example #1 is the representation of the square number “16” (4*4).  The first square designated is a square with its sides equal to “2.”  The second square is a square with its sides equal to 3, and this is created by adding a unit to the prior square.  The 4th square is designated as a square with the sides equal to 4 units, and this is in turn created by the addition of a unit.

Number is generated by the addition and subtraction of the unit (one) and here the number “16” is generated by the addition of one to a succession numbers.  Added to itself it gives the unlimited “dyad” (the number two) which is the representation of the unlimited in number as “the even number” and it generates all evenness.  It also participates in the essence of odd because it is only divisible by itself and the unit, this is why we call it a prime number too.  It is therefore constructed by the addition of the unit also.  (See prime numbers)

 The monad is the “limit” and it generates all number by its addition or subtraction.  Here the square numbers can be seen as generated by the monad because it is the addition of the unit to the unlimited dyad, which by itself would continue unharnessed, but it is square because its unlimitedness here is limited by that which is the limit, “one.”

Now, the Pythagoreans also thought that numbers were either composite or incomposite, the latter are what we call the prime numbers.  (Only measured by the unit)  We say, only divisible by themselves and one.  This means that for the Pythagoreans they were considered indivisible.  These are also called the Oddly odd numbers.

 Composite numbers are measured by a number smaller than themselves:  example:  6=2*3

Composite numbers in relation to each other are what we call numbers with a common denominator like “8” and “6” which have “2” as a common denominator.

PLANAR NUMBERS:  How can numbers have shape?

Composite numbers that are the product of 2 numbers are called Planar:  They have the dimensions of length and width.  (The unit was not considered a number, but the principle of number, since it was the generator of all number, and the dyad (2) was considered the 1st number different from the unit and made of the unit, and though even it does not have a divisor greater than the unit.)

SOLID NUMBERS: How can numbers have shape in space / reality  (3 dimensions).

Numbers that are the product of three numbers are called solids because they have a 3rd dimension (depth.)

A composite number that is equally equal results from multiplying two equal numbers, the result is equally equal and therefore square – these are called the square and planar numbers.

Example:  2 * 2 is 4 or a square with 2 units on each side.  3*3 is a square with 3 units on each side – hence 2 squared and 3 squared, etc.

Composite numbers that are unequally equal have one side (factor) longer than the opposite side.  

Those that have the opposite longer by one unit and are called  “unequilateral.”  They are the even numbers surpassed by one unit to give a side that is one unit longer: like 6=2*3 and 12=3*4  They produce what we would call rectangles (specifically with one side longer than the other by one).

These unequilateral numbers can be generated by addition and multiplication:

BY ADDITION:

2, 4, 6, 8, 10, 12, 14, 16, 18

Adding the even numbers to the even numbers that precede them, we get:

2 + 4 = 6

(2 + 4)  OR 6 + 6 = 12

(2 + 4 + 6)  OR 12 + 8 = 20

(2 + 4 + 6 + 8)  OR 20 + 10 = 30

Six is unequilateral by 2 * 3

Twelve is unequilateral by 3 * 4

Twenty is unequilateral by 4 * 5

Thirty is unequilateral by 5 * 6

BY MULTIPLICATION: Of even and successive odd numbers.

1, 2, 3, 4, 5, 6, 7, 8, 9, 10

1 * 2 = 2

2 * 3 = 6

3 * 4 = 12

4 * 5 = 20

5 * 6 = 30

The addition of the unit to one of the sides makes the first diversity of sides.

Also:  If you add the successive odd numbers, the numbers that result are square:

1, 3, 5, 7, 9, 11

1 and 3 make 4 which is 2 squared

1 plus 3 plus 5 makes 9 which is 3 squared

1 plus 3 plus 5 plus 7 makes 16 which is 4 squared

1 plus 3 plus 5 plus 7 plus 9 makes 25 which is 5 squared

etc.

OBLONG NUMBERS: Any number formed by any unequall numbers of which one is greater than the other either by one unit or by 2 units or by a larger number.

Example:  24 has the value of 6 times four, 3 times 8. 

The Pythagoreans had similar ways of generating all shapes, triangles, and all polygons.  This is what is meant by arithmetical geometry.

An un-equilateral number such as “6” was seen as such:  Six itself was the essence of this shape in reality.  Number is the principle of all reality.  It is not separate and completely mental, only being superimposed upon shape through a mental operation.  
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Also:  Some say that the unit participates in Odd and Even by being able to generate both odd and even numbers through addition, that is the number “1” or for the Pythagoreans, The One.

· Everything is therefore reducible to number.

· Number is intrinsic in things / reality.

· But it is the unlimited and the limiting that are the supreme principles of all things. 

· Again it seems that there is some kind of a tension of opposites that is evident here as with others.  

· When we spoke of the Apeiron of Anaximander, we called it the unlimited, and then talked about it as Formlessness, while beings coming forth were then named ‘form’, now if we would have kept the Apeiron as the reference term, then beings would have had to be “the limited” right?

But Anaximander had the tension manifest in the just-injust schema.

Here the unlimited and the limit are paired as a tension of opposites and seen as the underlying and unifying principle of all reality while this tension is manifested in number as odd and even.

Also, this “number” inherent in reality, not a separate mental construct superimposed upon reality.

· So this is not so different from Anaximander.  When spoken of this way, the Pythagoreans saw this unity of opposites in number and this is how we can begin to understand how they can say number is IN all things.

[Philolaus]

All things are necessarily either limited or unlimited or both limited and unlimited.  Only unlimited things or limited things are able to exist.  

Since it is clear that the things which exist cannot be constituted either solely of limited elements or solely of unlimited elements, it is evident that the universe and the things which exist in it are constituted of the harmony of the limited and the unlimited elements.  

· He clearly states that only unlimited and limited things can exist, and such beings are a harmony of limited and unlimited elements.

· Again we have a tension of opposites, but the opposites are not something we can understand as a physical kind of element at all.
· It is in this sense that number is in all things: The primary principle is limit and non-limit or unlimited.  This gets synthesized and results in number, whereby the unlimited is held back.  In reality, beings, phenomena, physis, is this unlimited being held back and limited by and manifesting in number.

7. The universe, since all is ordered by number, is seen as a Cosmos, which means an “ordered whole.”

· We might note that the Universe, as a cosmos ordered by number, does not seem to be dominated by obscure, dark, mysterious forces.  
· To the extent that it is so ordered, we can begin to think in terms of the cosmos  becoming transparent to the mind in the sense that it seems to be rational or understandable in terms of number.
· The rule of number is therefore a sign or pointer to the developing idea that reason or rationality rules and that truth is seen through reason.
PYTHAGOREAN RELIGION:  We also stated that Pythagoreanism was a way of life, a religion / brotherhood of initiates.  

By contemplation (Theoria) of order (cosmos) we are purified (Catharsis).

By contemplating the principle of order revealed in the universe, especially regarding the movements of the heavenly bodies, and assimilating oneself to that orderliness, one was progressively purified until one could escape from the cycle of birth and rebirth, attaining immortality.

Also, these principles are applied to Music:  Remember we said:

· Music, which they practiced for purification, was numeric.  The scales are determined by number and ratios: Harmonics, string length, wind instruments, etc. all had to do with number as ratios.

· They discovered the harmonic ratio of the octave, fifths, fourths in music, and the “mathematical laws” that govern them.

· The phenomena of the cosmos also revealed a governance by number such that the seasons, year, days, etc. were all numeric.

The theme of harmony based on number and then on music can be carried through to the movement of the spheres, that is, the whole phenomena of the cosmos and the movement of the heavenly bodies.  The order of the cosmos was a harmony of the spheres based on number and music.

Pythagorean Table of Opposites:

Limit ()



Unlimited ()

Odd 




Even

One




Plurality

Right




Left

Male




Female

Resting



Moving

Straight



Curved

Light




Dark

Good




Bad

Square



Limited

To continue here would be beyond the scope of this class:  

Books on Pythagoras or relating to the subject of Pythagoreanism:  

Theon of Smyrna:  Mathematics Useful for Understanding Plato

Tr. By R and D Lawlor

Pythagorean Source book

Pythagorean Plato

From the Origins to Socrates: A history of Ancient Philosophy by Giovanni Reale  (extensive treatment of Presocratic Philosophers) 

The Presocratic Philosophers by G.S Kirk and J.E. Raven (Highly used)

An Introduction to Early Greek Philosophy by John Mansley Robinson (also highly used)

Pluralists:  Empedocles and Anaxagoras

1) Empedocles:

· Tried to retain Parmenidean principle and also account for change or what we actually experience about reality.

· He studied with both Parmenides and Heraclitus, which may have lead him to this attempt.

· Text’s account:

· Objects of experience do change

· These apparent changes are due to the mixing and un-mixing of particles in various combinations.

· The basic elements of particles are Earth, Air, Fire, and Water and this mingling makes beings (objects) and changes.

· The forces that act upon the elements are Love and Strife/Hate to make change.  

· These forces are impersonal because we cannot construe the as having any purpose or goal in their action.

2) Anaxagoras:  Text attributes the introduction of the difference between Matter and Mind to him.

· Introduced the idea in Pluralism of infinite divisibility.

· There are also infinite kinds of particles, and what distinguishes what something is, is the preponderance of one kind of particle as opposed to the others.

· Instead of 2 kinds of forces that caused motion, there is only one: Nous or “mind-reason.”

· Nous is unmixed and pure, it is everywhere and animates all things.  Since it is not mixed, it contains no “matter” or particles itself.

· The formation of the cosmos resulted from the rotary motion of Nous and before this the cosmos was and infinite and undifferentiated mass.  

· Mind does not create the particles or elements (book says matter), it only works upon them without purpose or objective.

· The particles are not physical particles (so be careful when the book calls them “matter” that you do not get confused.)

· They are infinitely divisible, and there are no smallest particles except as what we might call and “idealized limit” on an infinite process.

Fools! For they have o long-sighted thoughts, since they imagine that what previously did not exist comes into being, or that a thing dies and is utterly destroyed.  [11]

From what in no way exists, it is impossible for anything to come into being; and for being to perish completely is incapable of fulfillment and unthinkable; for it will always be there, wherever anyone may place it on any occasion.  [12]

This sounds almost as if Parmenides could have said it!
Here, coming-into-being and passing-away understood as a coming into being from nothingness and a passing away into nothingness, are impossible because Being Is.

And I shall tell you another thing: there is no coming-into-being of substance in any one of mortal existences, nor any end in execrable death, but only mixing and exchange of what has been mixed; and the name nature is applied to them by human beings.  [8]

Empedocles is a Pluralist.  He is influenced and responding to Parmenides and the other Eleatic philosophers.

He wants to retain the Oneness of Absolute Being, as Parmenides, yet he also wants to account for the “naming nature” that humans apply to reality as opposites.  

Why do we understand in opposites?  Because our experience of phenomena (our sense perception and our knowledge) that is, what is revealed in the coming forth into being of phenomena, is as if beings came into being and passed away; so we tend to think that beings do this in an Absolute sense.

In an attempt to account for this and to also retain the perdurance of Being, Empedocles says that Birth and Death are “mixture and dissolution” of substances or elements that are not born and indestructible - they are eternally equal.  That is, they always Are.

There are 4 such elements:  Earth, Air (or aither), Fire, Water:  Empedocles names these the “roots of all things.”

The qualities of these 4 root elements are  qualitatively unchangeable, and these elements unite and separate in beings.  Because there is more than one element here, such thinkers are called Pluralists.

How did these elements come together and separate?  Through the opposing forces of Love and Hate or Friendship and Discord.

What seems to be different here is specifically that we have a cosmic force that works upon the elements of which all beings are a mixture and a separation.  The cosmic force seems to Cause the movement needed to mix and separate.  The cosmic forces as well as the elements are seen as divine.

We still have the theme of alternating dominance of one then the other, and this is a constant cycle that is determined by Fate.  (Fate is also a divine power - Moria.  Our modern understanding of Fate does not really recreate what the ancients meant here.)

This is how Empedocles tried to satisfy both Parmenidean Being and the reality of phenomena and explain becoming:

All these elements are equal and of the same age in their creation; but each presides over its own office, and each has its own character, and they prevail in turn in the course of Time.  And besides these, nothing else comes into being, nor does anything cease.  For if they had been perishing continuously, they would be no more; and what could increase the whole?  And whence could it have come?  In what directions could it perish, since nothing is empty of these things?  No, but these become different things at different times, and are ever continuously the same.

Our cosmos is constituted by a prevalence of hate, for if Love predominated no one of the elements would be distinguished from the others.

In absolute Love, all elements are gathered up together and united as a compact whole like a sphere similar to the description given by Parmenides.

If Hate were to absolutely prevail, all the elements would be absolutely separate, and the cosmos could not exist.  

On the other hand, Absolute Love would dissolve the cosmos into the wholly uni-form sphere.

KNOWLEGE:  The extent to which we are earth allows us to know earth, and it is the same for all the other elements.  Like recognizes like.

We see earth by means of earth, water by means of water, divine air by means of air, and destructive fire by means of fire; love by means of love, hate by means of baneful hate.

Everything has a portion of thought.  Thought in humans is the heart nourished by the blood that surrounds it.

Finally we find an influence of the Orphics and Pythagoreans in his belief that the soul of man had original fault and was banished from Olympus.  It has “fallen” into a body and ensnared in the cycle of re-births.  If you have been purified, you can be reborn into the most noble life and escape from the cycle, returning to being Gods among Gods.  

Anaxagoras also thought that coming to be and passing away was accounted for by the mixture and separation of elements of some sort - some kind of existing things, but instead of just 4 they were infinite in number.

The Greeks have an incorrect belief on coming to being and passing away.  No thing comes into being or passes away, but it is mixed together or separated from existing things.  Thus they would be correct if they called coming to being “mixing” and passing away “separating.” [17]

One must believe that there are many things of all sorts in all composite products, and the seeds of all things, which contain al kinds of shapes and colors and pleasant tastes.  And men too were fitted together, and all other creatures which have live. . .

These seeds of all things have no limits in their magnitude because each one is qualitatively unlimited and inexhaustible (attempting to retain the Being of Parmenides).

Anaxagoras thought that  since there is always a smaller or lesser as well as a greater, this demonstrated in what sense Being cannot Not-Be.  That is, in infinite divisibility of beings as well as infinite reuniting of beings.

The infinite number of infinitely divisible beings were first in a chaotic mixture and were indistinguishable:

Before things were separated off, all things were together, nor was any color distinguishable for the mixing ofall things prevented this, the mixing of moist and dry and hot and cold  and bright and dark, and there was a great quantity of earth in the mixture, and seeds infinite in number, not at all like one another.

Beings were generated by the movement produced by Nous or Mind.

Other things all contain a part of everything, but mind is infinite and self-ruling, and is mixed with no thing, but is alone by itself.  . . . For it is the finest of all things, and the purest, and has complete understanding of everything, and has the greatest power.  All things which have life, both the greater and the less, are ruled by mind.

Here is an interesting development in that mind is perceived as a separate and greater beingness of some sort that is self-ruling and mixed with no thing.  Is it possible that Nous is Anaxagoras’ way of imaging Absolute Being.  It also seems that the need of a force to act upon the “seeds” of all things may be pointing toward the separation of mind from the world as phenomena.  He is introducing a distinction between matter and mind which will take root and become an important distinction for metaphysics later.

Remember though that mind did not create the seeds but only acted upon it.  We should not impose any thought of purpose or goal associated with Nous in Anaxagoras.

Atomists:  Leucippus and Democritus:  

· Their particles were physical atoms that were so small that they are imperceptible

· These particles are indestructible, indivisible, eternal, and uncreated.  

· They were all of the same matter, but had different size and shape.

· These atoms are infinitely numerous and eternally in motion.

· They combine in various ways to make beings (objects).

· Our experience of beings coming forth and passing are the combinations of these atoms which come and go.

· Certain qualities like color and taste are not really “in” atoms while other qualities like weight and hardness are.

· Did not posit a beginning to the motion- perhaps they tended more toward the Heraclitian rather than the Parmenidean principles and so did not need to account for motion in beings.  As compared to the Pluralists who had to account for a stirring force upon the particles probably because they leaned more toward the Parmenidean model.  

· This need may be related to the conceptual move to logical deduction of principles vs. The attempt to account for the experience of beings in their being.

· This distinction will become more and more distinct and separated out.  This may be what the book is alluding to by saying that the Atomists “ignored” the Parmenidean argument about space.  This we also may asses as a misunderstanding of what Parmenides was trying to say.  [30]

Leucippus and Democritus are called Atomists:  All things are composed of physical atoms that are imperceptible, indestructible and indivisible (atom come from the Greek ‘not divisible”)

This is different from Empedocles who thought that the elements were infinitely divisible and also from Anaxagoras who thought that the seeds of al things were infinite in number and that everything was infinitely divisible.

These atoms were eternal, uncreated particles that were of the same matter, but of different size and shape.

Atoms were infinite in number and in perpetual motion.  Various combinations of atoms made up the beings of experience.

We experience the coming and going of beings and what we are actually seeing is the assembling and disassembling of atoms that is the basis of generation, decay, etc.

While the pluralists thought that qualities like taste and color were in the elements or seeds, the atomists thought that such was not in the atoms.

The atom, was the smallest indivisible unit, hence its name.  They believed that empty space was needed for movement, and since we experience things moving, empty space must be real.

This may be an argument against Parmenides, due to a misunderstanding of what Parmenides was trying to express as Absolute Being, as we have understood him.  This may be a misinterpretation, among many others, that structured certain thought over and against  Parmenides and developed as such over time.

According to the text the pervading thread of the pre-socratics was that the world we experience is merely a manifestation of a more fundamental, underlying reality.

Perhaps we can see why and why not this may be an accurate statement of the problem.  Perhaps this is a question you could discuss in your groups as you review your notes together.
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